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portin~g.. The anu:-O r.;:orL3,ictti, h ~v~ ~v~:t~*
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K: ABSTPACT

Heavy siltation of Charleston Harbor has caused the US Army Corp '

of Engineers to consider plans to divert the major flow of fresh ,,:tcr

through a new canal to be constructed from the Lake Marion-L.ake .-ltrio.

Cooper River complex to the Santee River. The US Geological Suivey ".

was asked to study the effect such a canal would have on the ground-

water regimen of the area.

The drilling phase of the study consisted of 33 core holes located4 S

along and at right angles to the canal right-of-way. The purposes of the

core holes were to delineate the subsurface geology and to locate possihe

sites for the observation well network. As a result. 20 observation ,ells

wczr.I-jJJlsd in order to monitor water levels before during, and after

construction of the canal and power house.

As a result of the drilling program three aquifers in the study area

were delineated: aquifer 1, a shallow (40-60 feet) sand which supplies

limited amounts of water to wells; aquifer 2, a confined limestone

(90-120 feet) which is the most widely used aquifer in the vicinity 0

of the canal right-of-way; and aquifer 3, a sand and gravel remnant of

a buried stream channel found in the flood plain.,,

An aquifer test was conducted at the power-house site. Aquifer I

and 2 were pumped separately. The transmissivity of aquifer 1 was K7O

ft2/day (feet squared per day) (6,500 gal/day/ft) (gallons per day per

foot) and the storage coefficient was 1 x 10-1. The transmissivity of

aquifer 2 was 455 ft2/day (3,400 gal/day/ft) and its storage coefficient

was 1 x 104.

S _
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During const ruct ion of the po~er house foundt i,,n, l.1 .V J, .-..4

of aquifers 1 and 2 will occur. Drawdo%ns of 80 fet:t or jlrre %,ill

to be Maintained within the excavation.

It appears that excessive drawdowns arealy would not o(ctir

result of pumping aquifer 1. However, the assumed stoi-age c I). i. I

of .1 was used to derive "u" in the Theis equation. [he .

predicted from transmissivity and storage figures only give zui; ct, -"

as to the actual drawdouns that would take place in the' aquifer ,:.h"

pumping at the power house site.

Maximum drawdowns (aquifer 2) were computed without the rek-h;tv,,' :

leakance effect and minimum drawdowns were computed on the hasi.s (f
I S

"leakage". Considering only the effect of line-source recharge, .ii.

drawdons would occur between tY-e maximum and minimum ccvuzc, mo-.

Data shows that there would be very little drawdolrn arealy in aiife,

if the "leakage" assumptions are correct and a large amotut of diawde.,:.

arealy if no recharge or leakage occurs.

The intake canal may recharge aquifers 1 and 2 as a result of head

differences between the canal and the aquifers. Some recharge to the

aquifers could occur at maximum stage in the tailrace canal. tlow.ver,

less head in the tailrace canal would cause a decrease in the rechar

effect and stabilization of water levels between the aquifers and cxl.

-6--
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I NTiROD It" F ION

Ileavy siltation of Charleston larbor has cai>id i h,, S -

Engineers to consider several plans to divert the r,,:i, fl _i

water from the lake Marion-lake Moultrie-Cooper River compl:x. :, ,

the plans is to redivert the water through a canal to he huh earl.,-

St. Stephen to the Santee River (fig. 1).

The canal will consist of three segments: (1) an intake ::,ai

Iake .oultrie to the power house, with an excavation Aepth to 3i,

above mean sea level (insl); (2) a power house 200 x 300 feet, with ir.

excavation depth to 42 feet below msl, and (3) a tailrace c~ai:l 0:,,

from the power house across the flood plain to the Sawtee River, wit ..

excavation depth to 3.6 feet above msl. The Survey was a k . -t :2,<

the effects such a canal and power house would have on the groitii :.

regimen of the area. This report gives an analysis of data obtaifIr.

The principal objectives of the ground-water study were:

1) To analyze and predict the effects that the canal will have upil

the ground-water regimen of the adjacent areas; w, hich includes the

definition of the geohydrologic framework of the area, the canal's

effect upon the underlying aquifers, ground water in surficial ,

and loss or gain of water in the canal resulting from s,,,"pa,,,;O wIJ

2) To establish a data collection network to doci2:ont groii,,: ai>

conditions at the project site after the project is completed.

Thirty-three core holes were drilled along oi,..t :.. 0

to the canal right-of-way. The purposes of the core heics1 wt,.re t o

-7-
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1; ~ :;~ o. itor eas ti 1t 1!11,!, * t ') protc~t

'11C 1'o I I lhb C;t eel ilb' 1% iS .11>0 kti-101ted inito pl'fcc Short

""ou ~r5 ifinc teCsts S~r d! onl soct J- seII- if h r complet ion.

A suhmers ihe pufl2p was set ho lw tT1Ipoj ected pwip jog level of the

well 1 and and roc'olirx' totSwee Iade. tV"ater sx,1ples

o~t ne liingthtse p'ii i : 1C're scot to the tlSc Geological

>iavc I r;1torv for 2 i in order to ascert din the chemical

cmli:v t te wrerfro ti- n noI fer Cont inlinlis graphic

r.lt LI i onthly or 1,)i .t i -fly t ime scales were instal led on

* a 1  
'*\ct 1 wellC s. iI oN:it1iuns to me .an sea leve 1 datum were

t ( I-,, prc sion le i n, to reference points A all obser -

vi iti i s : ) -e Co rps of I lner al the Sre. 'I'lere fore,

"'"r "Iir' ll t Ts c a sn salevel.

1,j 1:; A "Y \ STRATIRAPIJy

Ihe md ileta rv formtIN i ntc the Coastal Pla in ran 1'"( in a1ge from

Ipper Cretaceous to I lol ocene . i eefoniat ions cons st ,sand!, s-lav

gravel, marl , and limes tonc- tf- have been deposited on ai sinr-ir tace of

granite, sc . t, 1 ii- iss. Ilie geOologic formatiuons inl the St. Stephers

area includle, from youngest to oldecst, deposits of li'Aocenle, Pleistocene,

middle Eocene (the Santee fet eulower Focene and Paileocene (the

Black 'lIingo !hormat ion) , Upper C(-tacenus age (the Peedee Formation)

TIhe contacts between most of the geologic formations in the Coastal

Plain andi In the St. Stephens ajrea are represented by unconformities.

In general, the thickness of the sedimentary sequence increases from a

W w w w V w w
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- o - - .

tl)il ]'O .i the .;irce !l' k < !'ill line, 60 to 80 miles northwest

of S Y ;wc:s, 'o i- :iui -.is ,Wo(;( feet near the coast (Charleston

,i rea)

IHolocene

DCposits of lolocene age cOnsisting mostly of red aid yellow sandy
* 0

cIay fors the sturficial foii i,,tion ov\er most of the study area. "lTe

thicness of these deposits rar-ge from a few feet to several tens of

feet.

e leistocene

The Pleistocene deposits consist of a series of marine terraces

that cover most of the Coastal Plain. They consist chiefly of gray

sands xn1 clys and occur from an altitude of about 270 feet to a few

feet above sea level across the Coastal Plain.

In the St. Stephens area, the Pleistocene deposits underlie a

mantle ihich consists of younger sediments in the area. Figure 2

describes a generalized geologic section of the St. Stephens area

using a garna log of test hole GS-13. As shown on the log, the

maximum thickness of the Pleistocene deposits in the study area is

approximately 50 feet. The Pleistocene deposits are divided into

two di-stict units: the sands and clays of the plateau area adjacent

to the Santee River flood plain, and the coarse sands and gravel of

the flood plain itself. During core drilling, an old stream channel,

buried under silt deposited from inundation of the flood plain by the

Santee River, was discovered. The buried remnant channel consists

of medium-coarse glauconitic sands with some gravel beds.

- 1
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Figure 2.--Gamma log with lithologic interpretations showing generalized
geologic section in the St. Stephens area. -

14



Die S:utee Limestone (midle Focene), is a pure-white to creamy-

yellow lirstone that is partly glauconitic and outcrops in a broad ...

belt from Berkeley County across to Barnwell County, South Carolina

(fig. 3). The limestone is soft with partially indurated shell layers
PS

and lies uiconfoniably on the Black Mingo Formation. In some places it

outcrops as a greenish, calcareous, sandy deposit with some shell lavering.

The maximum thickness of the form'ation in the coastal plain does not

exceed 300 feet.

The Santee Limestone occurs as a remnant in areas near St. Stepl ns,

but it is not considered to be a significant geologic formation in the

project area. Figure 2 does not show any appreciable base-line shift in

the gamma log that -would indicate this limestone inferring the Santee is

Pleistocene. 'No shallow lir,. stone was recorded in the lithologic log
_o S

for core hole CS-13 or any of the other core holes drilled in the flood

plain or plateau. However, some shallow limestone was encountered

during core drilling in Lake kloultrie; this shallow limestone in the

lake could possibly be Santee. Some calcareous sand, was noted in core

holes near lake Moultrie. These sands may be derived from Eocene deposits

reworked in Pleistocene time or some local facies change from limestone

to calcareous sand.

Locene and Paleocene

The Black Mingo Formation of lower Eocene and Paleocene age is th'

basal formation of the Tertiary System in the St. Stephens area. The

formation consists of two distinct units: (1) dark, brittle, shale with * .1

-15- . ~
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thin sandstone lenses and som:,e shell layers; and (2) gray, fossilifeo,,1.

limestone about 20-10 feet thick underlying the shale.

Mhe Black Mingo Formation lies directly beneath the Pleistocene

deposits both in the plateau and the flood plain areas near St. Stephens.

It has been found to crop out at an altitude of about 30 feet, west of

St. Stephens near Eadyton on the Santee River. It was described by

Pooser (1969, p. 20) as, "a marl, bluish-green, with numerous small shell 

fragments of pelecypods and gastropods." lhe Black Mingo Formation lies I 0

at or near the surface in a broad belt that includes Georgetown, !illiins-

burg, Clarendon and Sumter Counties. Total thickness of the formation in

the Coastal Plain probably does not exceed 100 feet. Numerous sink holes * S

as well as outcrops in the stream beds delineate the Black Mingo Formration

over a large area north and northwest of St. Stephens (fig. 3).

Cretaceous
* 0

The Peedee Formation is the youngest and uppermost Cretaceous unit

in South Carolina. It consists of greenish-gray glauconitic sandy-marl,

interbedded with thick, black clays. Outcrop areas are found in Florence,

Horry, Georgetown and Williamsburg Counties. The slope of the Peedee

Formation is in the southeast direction from the Fall Line. The formation

thickness ranges from a thin edge near the Fall Line to 800 feet near

Charleston.

The top of the Peedee Formation in the St. Stephens area is shown

on a gamnma log of core hole GS-13 (fig. 2). The altitude of the top of
I

the formation is approximately minus 80 feet. A distinct base-line shift

-16-

U U UP U U U U W U U P U U U . 0



'N /1akeC-ty

10 0 10~

Nk

elvoo 'hp frrom Cc , 1I3

r-B8L A C W -/M I N 0 RM -
o~ilve k; o KINGST4C N

~L ABJ 'NQE: N '-/
rv n",Ge yvite sat

Il ~vIe 4

-' - - E - IY
N~~AJ E ~;~iKGuh

0- N:b E-:..... .... ... . 17

...... ..... .-ee~l'- w urr~c fgO oi om to s

ISS

-17-

U U U U U U U U U U U LAKE



on rc', cu I t, ,A in li thclogy frcom ie t *c "

II .Io ' ,ion) t 1 ay and cliNVs (Peodee ForIat ion).

P rec i p i tat ion

Yearly rainfall in the area is fairly well distributed monthly i:i:

usualy nges let ,ecn 10 to 50 inches per year. Over 60 inches of I

fell in 106.1 and 1971, hut during the entire year of 1' 54 the r:i-.

totaled only 24.14 inches. Rainfall recorded from October 1973 to

September 1974 was 44.09 inches in the St. Stephens area.

Surface Water

Lover Santee Basin

Th1e flow in the lower Santee River channel consists of water rc

leased from ilson Dan on Lake .arion plus that contributed by the

d rainage arca d.lu:.st re.am from the dam, and ground-water disciarge. it

drainage area between the darn and river terminus of the proposed re-

diversion canal is about 200 square miles. A river swamp about 3 miles

wide occupies the flood plain and cuts through the center of this drain-

age area, ;%ich is roughly 20 miles long and 10 miles wide. .tich of the

area is sandy, mixed with some light tan, gray, or red clay. C;ravel V2U;

are to 1-c fo nd boneath the -surface in the swamp area, especi lly in t11

old buried river channel. There are some limestone outcropings and ,i!J-

holes, especially in the eastern half of the drainage area.

St reamfi ow

The flow released to the lower Santee River channel from l'ake \i i,,n

at Wilson Dam is usually held to a minimum of 500 cfs (cubic feet per

-18-
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* -~or !i\Qr, Ia rgc, flous are occas ional ly released due to

*2C5 S.5 i e t'lolenin i Host rex; from Lake Marion. Mhen this occurs , Thle

tower "Urnt ee Rivecr channel over flows arnd inundates the adljoining

3-m,,ile %wide flood plain ;wamp. The stage from these high flows is

- re7COZrded a:ies MMediately at thc SurIVey's gaging staition near

* P inevi lle, located about 2 i iies downst ream from Wilson !)aim. Alb.oi t

-oivr miles Ioin stream from-. the dam or near the river termlinus of' tlie

propose(d red ivers ion canal. These flows show up a day or two la1ter :iii.;

the stage is recordeod at the Survey's gaging station near St. Sr~~

-oan dai ly discha rge is usualliy higher at the St. Stephens gage vlan1 ft

the Pine-i lie gage lhccause generally the same rains which cause the
p.

* releasets tUirough the dam also cause local flooding in the area below the

* ~ ~ ~ am. Some of the suirface water in the swamp area probablyinltte

-~ ~i;:ntsand is believed to recharge the underlying aquifers. lijh

* ~ecvtot ransp 1 rat ion rates and nat ural drainage back to thle stream cui

for the r;ipidity with which the swamnpland "dries out" after being fI er,-J

During periods of base flow, when there is little or no direct run

off from rainfall in the 200 square-mile drainage area, the inlcreaseC

flow !)etween the Pineville gage and the St. Stephens gage may ranige fir

100 to 100 cfs, with an avcrage over 200 cfs. It is believed that

of the water enters the stream from ground-water storage.

Crawl Creek (fig. 1) originating in the Pleistocene depos it s

northwest of Tussollville loses about 1 cfs within two miles after it

* enters the swamipland. One small-drainage-area creek with a base flu'..

-19-
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of ltvss t h:n it) cl" r'( p teti as it move ac ross the flo00d plain :ml1'

e1'ter heknto -,o 010, m i snill creeks have their origin in

I inost oll okitop or 07Sirks ailong the left side of the swamp, and 11)w'('

nay lose flow from place to place to the limestone formation. At leas t

onie, %ith a tik,tw Of albout 1 Ctfs, issues from an opening at one ide of

a i:, 2vs.rssthle fl oor of the sink to re -enter a hole on the

-ldeii oto loeaves the sinks on the surface.

Surace<"aerQuality

1here tro iniuffic jent data available on which to base a statement

about cater quality in the trall creeks in the 200 square-mile drainage

area. :OO rariah data on the Sarntee River show that little or

:10 r~ in, the ACMical qJuality of water occurs between the Pineville

ani St .Sto' cn ages. MTaximum and minimum values of dissolved subtrmice-z

and phsclprcqerties of t-he water from the Santee River near Pineville'

for the period October 1951 to November 1974 are listed in table 2.

GROUND -WATER 1IYDROLEGY

llei aros of this section is to identify the main hydrologic units

in the study area and to describe their hydraulic properties. Also, an

attempt has beeon m-,ade to identify the hydrologic characteristics and to

dliscus~S thecir effect on yields to wells tapping the main aquifers, as

~ 1as to iclineate the zones of ground-water recharge and discharge.

Aquifer Systems

(;eophsical logs and core logs weim? used to Correlate stratigrapbv

arnd construct geological cross-sections identifying permeable zones.

Lr-ations ot cr055 ss ctions are shownr in figure 4.
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C',-s c ,'i, ns A-A' and B-B' (figs. S and 6) are par:allel ,

-inal ri ;l of-way from Lake Moultrie to the Santee River at I :ie

'.itta-see. (ross-sect ions C-C' and D-D' (figs. 7 and 8) are at I :.

angles to and cross the canal right-of-way near the railroad and the

pcwer line easement, respectively.

The principal aquifers found in the St. Stephens area are: (1) a

shai-Ilo, water-table, sand and clay aquifer, (2) a deeper, artesian

lin!est .he a,(-ui fer, and (3) a sand and gravel aquifer, which is a re;::,, ""-

of a buri-d river channel. In this report, these units will be refer:-.,,

to ;I- iquiftr 1, aquifer 2, and aquifer 3.

Aquifer 1

'si (;!.ifer comprises the Pleistocene deposits that are found on

c,yatemi area ind the adiacent Santee River flood plain. The general.
-- gur;tin of the top surface is shown on the structure contour nap

(fig. 9). 1he surface 'as a regional northwest strike and dips northca<"

toward the Santee River flood plain. Aquifer 1 ranges in thickness frey01

10 to 70 fCeet w"ith the greater thicknesses occurring updip from the '

inltee River flood plain. It gets thinner in the direction of the fle ,

plain. The sands ,id clays of aquifer 1 are underlain by a dark gray

Tale trat separates it from aquifer 2.

Fhe intaie canal will cut into aquifer 1 from Lake ,Moultrie to

the power house location. The proposed intake canal is a trapezoidal
section with a 385 foot wide bottom and levees on both sides. T'he

bottom of the canal is 50 feet above msl from the lake to the power

house.

-21-'
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W'.w *., ,:'ut ic a,'lls (.0 ft.et or less) tap this aquifcr ,,r 1 .

,,.e S )s t of t lie;c wel I s are equipped with either pitcher pti,,-

1"allow %,tl jet puimps. Ue wells are constructed with 2 inch pipe a ,

casing ald a S 10 f(et well po ilt (screen) at the bottom. 'lie imxirav)v-ri

ae ount of ,aiter each ,ell J~rLySis about 10 gallons per minute.

Aquifer 2

A.-,ti fer 2 consists of gray, fossiliferous limestone that is over I S

lain by a dark brittle shale containing thin, gray, sandstone and s1,ell

la,_rs. I1:ese two litholo ;ic tunits (shale and limestone) are middle

I: ~ in ,age and are co-nu:'only called the Black Mingo Formation. The i

cort i,,i !ti :)i of the top surface of aquifer 2 is shown in figure 10.

Aq lifer 2 ;encrall>" ranges in thickness from 18 to more than 58 feet

with an t,'.rur:, thic-ness of 37 feet. In the vicinity of the Santee

giver flo,,d plain, the shale, which is the confining layer for the lime-

stone, has been eroded in some places. In the flood plain, sections of

the limestone also have been removed by fluvial erosion.
I S

Neither the intake canal or discharge canal are deep enough to cut

into aquifer 2. Hioever, the base of the power house is to be 42 feet

below msl near center line station 598 + 50. Excavation to this depth

will at least partially intersect the shale layer that confines the

limestone at the power house location.

This aquifer is the primary water bearing formation in the St.

Stephens area, and the majority of the domestic wells in the area

tap it. Wells are drilled to the top of the limestone and a 3-inch

-28-
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1 Ii: in Kni Aen hole drill ing ins ide nhe

1J"' ILI~ -r t5 Cam into the l imestone. The wells Avc

1 ii ii ei Oi>or or jet ptump. The newe r 1)(,r,

r o~~~r loDil o per: ;nnl ire adequately met from a 3-inch we] W O Ii rItoxavVcthsypofinihewel Dm IJ

Aquifer 3I
i i rotI-leresent s the more permreable lithologic unit of

i;'T~ '''1Age. it consists of medium-coarse, light-gray-to-green

t i tc swas and gravels. The extent of the aqui fer is poorly

* a lock of drill holes in areas other than the canal

r F in is beli eved, however, that this buried stream 01:111]

~w~rs: cinieatthe fantee River flood plain. Aquifer 3 m~y so rvw

as a .eitfor ground-water discharge or recharge for aqui fers I an:

2. Also, aquifer 3 in places cuts through the Black 'lingo shale layui

into the limestone and hiydraul ically connects aquifer 1 and 2.

Altihough, the extent of this aquifer is not fully, knownr, the tr iI

racIe oal ma cut into these deposits in some places. The cross -

sectional dimensions of the tailrace canal are the same as the intakc

cial, hint the W1 e of the tail race canal Will he much lower at 3.

:fet ohnc 1. Ie general topographic features of the flood plain

are At :r. lit it'de of 20 feet above msl. The bottom of the canal V ir

* , rsiisl ",iud Alilow~ for the tailrace canal to cut iT

east 16 fet into the flood plain, thereby, intersecting the shallow-

* r~~cIt f iquIn r ..
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I •
'1'O ~ 1 ~ r'tz 11 iquiifer 2 and Oneon O i qi for ;*I -

T i , r o r0 ram. Ic <-c I t

.' d ,n'l in the 1,'1,iV g -,11.

''1'. 'etin ealch plu'"ed ~' ~ii h

t ater ILvel, Anid drasdow.n and recov ', ...
I •

.:: ta ,.,,.:: ,:l,. -l) or erih: pump tost. . constant pu':pi ag rat o ,t

t C . V 5 0 "alions per Minute was used for each test.

'ii id %ere obtained during the development phliase Uf

,'1 :. * ,ti: w program. *Lach well was developed with au air c'::-

,p ,:r. 'ir Hv. e.Ti thirouih the drill rods that were 1o,,erel u11

;I'1!. ':,lI, .,re :Lasa 'cd for each well, and an average yield o,'

4 iif: K ., ;. iieer~tincd. kl pproxi-nate average yields of aqui fers 1 ,

-A %-were 1(0, 1)(i, anid 150) ';allons per minute, respectively.

- t ils .,stea, four (8, 10, 12 and 18) (fig. 1) were fini.'

2f.::: :': i t, lp. : (aIq,ii for 2) and one well (!4) was fini- ., .

ran :,JI ,.,'ell with a slotted screen in aquifer 3. 1,ells tompl,:.

r (table 3) showed a tide range of transmissivities.13,c.

trw:- vi 1\ltj-;z in limestone usually reflect only the amount of t: ,

ard oluition opJ n ings, which can vary considerably with distance. "

z•,i1 ,-,o:w .zte,, .api fr .5 ha:,d tlie highest recorded transmissj:r, 2

v -l ae, .-ih inAicated that this aquifer can definitely he an acc,-.s' ..,

condtuit i't,,I, large ameirts of ground water can move.

-32 -
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iiIe in t~b~ i. -.

I'9

i, 1,)( A! ~ K :S of ana'1lys is a re 1, t 11 in 11 T

v-A ~. o only except ioni is; well 14, which was completed i

WI 1- :7,i i,'T, 01- 'I-X Aeli for by' the pumping well could b~e i:

V Al i:o ~l~nand specifI,: -c:I'T"Ic I v Io

Dre a . so . cil"I icted on we I Is screeined in 11 i fo,,

i : I . . test si e n nwere tehas -0 't

I.. :- i, ,o l 01iocting the analysis of the tin . ,14

:.';s.rolo11:; ''d the short duration of the t es,

15S5,i i o it: can only he st C5 es of lhe I: -.

":"t::<,r osent in the aquifers. Also, no reliale, i-

. it i,,t :i be obtained from this type of test-.

Po ,er liou se Aquifer Test

'.,r. " ii , the (orps of Engineers designed and conducted :iIt

. - .. t at the pover-lousc site, which is located on the red .

: ,- '.,c: .e at station S98 + 50. The foundation base of thie

to be at 42 feet below msl (90 feet below land " r"

.An a deage irawho, of about 80 feet will have to he maintainlee -

the power house excavation tutil construction is completed. T-ere-

IT, ,:t of the ;,s-ihle extent of dewatering of the aqui fers J-

Puring the test, aquifers I and 2 were pumped separately, and d ra,

o,, u~ reccvc. of the water levels were measured for each aouii,

0 0
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.'1 , . ifj the p.- ing and observation wel s i n aiii fr I id

not fill I- p e nt itoc the :-aturated thickness of the a;iqi for (fig. I I

1he )Ifl:piiP., ell (40A) had 30 feet of screen, and the otserva ion ..,.1 1

(SIA, S2A, 42A, WIA) only had 5 feet of screen each, placed in the

bottom of the ',ell.

U.Aquifer I ias pumped at 140 gallons per minute for 2 days %,ith ;i

maximumi drawdo ,wn of 61.3 feet in the pumping well . Ilie specific ii;-,v . -

of this well was 2.3 gallons per foot of drawdown with a static water

level of .48.8 feet above msl. The saturated thickness of the aq-uif,r

was defined as between the static water level and the top of the ,n-

fining shale bed, a distance of 70 feet.

t 0'leasured dra,'downs in the aquifer 1 test were plotted against _

inere t = time in minutes since pumping began, and r = radius in feet

from the ptunping well. This data was matched against the Theis curve

and it was found that data from the wells (S2A and 42A) gave a good

match. Thle transmissivity obtained for aquifer 1 was 870 ft2/day (6,500

gal/day/ft) and the storage coefficient was 8 x 10- .  This storage co-a p

efficient would indicate an artisan aquifer but, the screen interval

for the observation wells is at the base of the aquifer. There are

some silt layers and clay layers in the aquifer above this screen in-

terval, which would give an initial storage coefficient value of an

artesian system (10- 4) However, the long term pumpage and dewatering

of this aquifer would indicate a subsequent change of storage to a
I 0

water table condition. Therefore, an assumed storage value of 1 x 10-

was used to predict drawdown for long term pumpage. Table 4 shows

p 0
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ED E

*WELL IN AQUIFER I
oWELL IN AQUIFER 2

Figure 11. --Diagram of wells used in pumnp test.
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0

coriimuted ii ,I it spec fic di t ances (r) from the ptrpe I well I.

The arb it ra iy pw,':ing rate .-;ed to predict drawdowns was 300 gallolms

per minute. Any increase or decrease in this pumping rate would affke. I

the drawdowT (s) proportionately. The time (t) for the given drat.m;

in table 4 is after 300 days of ptunping.
0 0

The cjiiation used to predict the drawdowns in the table is:

(Theis) s 114.6Q 1%'(i); u = 1.87r 2 S
T- Tt

s Prawdoin in feet S 0

Q = Puiniping rate in gallons/minute

T =iransissivity. Reported in ft2/day (gallons/day/ft)

W(u) = WOell funct ion of "u" 0 0

S = Storage coefficient

t = Time in days

r = Radius (distance in feet from pumped well) 9 0

It appears from table 4 that excessive drawdowns will not occur as

a result of pumping aquifer 1. However, the assumed storage coefficitnt

of .1 was used to derive "u" in the Theis equation. The drawdoi%ns pre,'0 0

from transmissivity and storage figures only give an estimate as to the

actual drawdorns that will take place in the aquifer during pumping at

the power-house site. 5

Aquifer 2 was pumped at 154 gallons per minute for 2 days with a

maximum drawdown of 64.5 feet in the pumped well. The specific capmic

was 2.4 gallons per foot of drawdown with a static water level of 38.1 1 •

feet above msl. The pumping well and observation wells were fiis,,-,1 i--

-37-
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-.-

:mrO ,1 'K I. I i".-> t!,,ce wit hout screen. '1ie , -

N~kC i!,( ,, d, 1 th c t,)i ot I imestone to land sljr!f" ''

t'I,' , ,, i I I iti*r 2 were plotted ag, .il.s3r

the end ;t" ti~c duidotn test the plotted curves depairtQ-d fum t,.,

caIVe. , j.jUiirS fro!i wefls 42, N-1 and S-3 wrc ic .

i f-:i I C lk: 1": 1 v s , ' 1-1 (in Iohrrin, 1972). !Ti;. c ,i-, IJ ,

ore e2d.~li hoeA for an artesian aquifer with a 'leaky" confin

P'c trax>T-,I'Islvi tv obtained from those curves was -I.S ft 2/:o , -,(i,

-4g.;1/da,/:>i) ijid t!;e storage coefficient was 1 x 10

I;e p+Ilt ion 'mi:eJ to predict drawdown in an leaky, con ,,'

is 11.1 OQ 1. (1,v) where L is the leakance f urct ion of u

m ,t V . .... t .._I_ eae K' - hydraulic conductivity of tue ,a, I! -

V, - tahin:'.ss at the ,confiniing bed, T = transmissivity of the .iyo :

r = raius from the r:uaped well in feet. As v approaches zero,,, 0

ap1r,'c , W(u), vfiich is the hasic Theis equation for drawdoi- n. i;:- .

',io,! iid t j c curve for the Theis equation is values of W(u) plott ,I .

,ainst -.. ,ereas, in t.he leakance type curves L(u,v) is plotted

aKainst .I,: value of v from this equation is proportional to T h(
LI

radios r of the cone of depression. The larger the cone, the greator

4L'o Int of leakage to the aquifer and, thus, the spread of the drawh,;

cone is slowed.

K -4
The .amitant value of (-) was 3.35 x 10- per foot. Tahle

b'T
shows values of computed drawdown for various radii using the [.ak -

aquifer equation. Drawdowns were determined assuming a 30() gall':

per minute pt-ping rate for 300 days.
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Table 4 . - *Co~i it od dra~wdOxMIS 1-101% ao lii Cer test data.

. Co~ r I

I'uriping rate, in Tireo in &iisin v.n
.131 T~s/~iiite (AV.-~ft -nf

* F =870 Ft 2,,.(t)3S0 jI/f) S-ix

3001 ().

30 0 300 300 7

300 300) 5000.

300 300 90000

Aquifer II

____ ______ t __r ss

Pumping rate in Time in Radills in drawdown in ft (ReJh~llr ;e J. *

-gallons/minute davs ft (The is only)_ _ efec t

*T =455 ft2/day (3400 gpd/ft) S = 1 x 10O4

300 300 1000 81 6-1

300 300 3000 59 4

300 300 5000 49 32

300 300 9000 37 19

*0*Ft 2 /day gallons!/day/ft (Coefficient of Transmissibility,

0
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Certa in rese rvations have t . 1) taken into ;i,:c,, it ,, , I

equations. It is assumed that the capture of watc-r t)-n i t ,ieiui i ,i 1'-

discharging wells is, in fact, due to leakage from the c fijii I,.

is also assumed that the ratio K'/b' is arealy constant.. 1,, :ihiui

equation should only be used when there is reliable 'i.juifcr t c. , ii

well as a good understanding of the local geology.

Therefore, as a result of pumping both aquifers 1 and 2, drad .

will probably he in a range bet ween the maxinunn and miim urn drac o.I mi

numbers. Actual water level declines that will t.ike place in thi- ,i!,.-i

cannot be accurately predict,'s(d due to the combined effects of vari;ihl e

leakage and line sources of ruciiage.

The effect of the punnping at the power-house site (aquifer 1 nd

cannot be fully' evaluated iithout an accurate well inventory. There IN I I

be some water level decline in aquifer 1 and 2 but what effect this ill
I 6

have on local water uses is not kn-ovn unless a well inventory is taken

which consists of the well location, depth of well and pump setting,

type of pump and water-level measurements. The depth of well, con-
*I •

struction, and location would tell how many people are u.-.ing aquitf(, f

and 2. Information on ptnp depth, type of pump and water levels

would give an indication as to what effect drawdown from the poier

house dewatering would have on that particular water user. Ilie infrt,,-

mation gathered in a complete well inventory would help determine ;n'

deterimental effects to local water users resulting trom p mpirig 1o•

dewater the power house construction site, which could then he the

basis for contingency plans to alleviate any potential prol'm:s.

* I I
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PCT'NF 101,11RI SITA('S AND DI RIFCION OF (;ROI JNT) -IVATR ~)I.;

GroLund-water rmovoent in the St. Stephens area is generaillyr'

* e

the vicinity of Lake Moultrie toward the Santee River and at. r-ich:II

angles to the contour lines.

Potentiometric contours for aquifers 1 and 2 (figs. 12 and .)

show that the highest water levels occur near Lake Moultrie and grad< '

decline toward the Santee River. Water levels about 75 feet above n '-I

near Lake Moultrie and are generally less than 20 feet above Mrsl in

the flood plain. Water level contours of aquifers 1 and 2 are similar

and an increase in the water-level gradient occurs near the flood pl' it:

where the topography changes. Potentiometric contours in aquifer

Usually follow the topography. The water surface in the upper sands

generally lies within a few feet of land surface, and the distance

between points of recharge and points of discharge (nearby streams)

is relatively short. The similarity in contour maps for aquifers I

and 2 can probably be attributed to a common recharge and discharge

area. However, the variation in thickness of the confining layer

and the close agreement of the potentiometric surfaces would :;,ai:;

some degree of hydraulic connection between aquifers 1 and 2. :,r

levels of aquifers 1 and 2 and the channel fill (aquifer 3) ap-,ear t

merge in the flood plain and the stage in the river possibly affect"

water level fluctuations in all of them.

Minimum water levels were observed in all observation wells
S 0

in the study area in November 1973. Water-level declines in the

flood plain can possibly be attributed to either low water stages in

the Santee River, grotmd-water discharge to the river, or evapotran
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:' ,I ' k2 i~g t o the ivec V 1 >

*1~~~ 1 e'A t,-ii. iccIi in ing water I cxci s aire pi,~1'

o1 I, ki. 1"iital i on, grolulI-I:fIe:

ct ~r o r i gh ev-apotranspirit ion rates.

-ho,,s iivcrographs for wells, 11 and 12. The '

1 i-. w~ n n ure 1 These hyd- rographs are ri21

':>,~>e l'c t.t i Orfi Yr aqui;fe rs 1 and 2. 11 )-lit

4 ~ina~i fer i and well 17 represents toeir 2ai I

e :i ie ;n water levels between the two hydrogrniphs t i

'I . atirt, no apparent hydraulic connect ion

Ij :0 tlis_ twell site. Pie initial high water loel i I:

in'a t onof the flood plain by thle Sanftcc k Ix>(!

n the flood oanreversed cau'sing igho

g .'i>~ 1 5 xntto the flood plain. As shown in theo ,ra

Ik'( 1 yei ili nd as the high water in the flooJ pl1 r

n, :Wt r IC surface of aqui for 1 and 2 is about 75fo

:1i'Ove !sI 0-rle 1Ioiil t ne and gradually dleclines to about ;0 fe

I~~ u2 ->C It.Pere 15S sh ows the po ten t i oicl r iicr j

IT .[il(1 lhrough hecenter -line profile of the ma

U L . ;e . ~ AC rojosecd intake canal is 71 ST''

-. ei'e f ore t i itit e canal may recha rge th 1),-

'i If U i ffrec s)C eCTer the canal and t I e

0 i* ;9I ~'.s'il ii: er I and _' is not ifov- La ! ' c.

CI loI. r 1-d ii ecma occur from the intake canal th ruw 1rn I

a.to the I imest one.
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Figure 15. Diagramt showing canal center line profile.
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C I

ca I t* .er~ to the rcfe cci sca I 11it

1, :11. .ucc less head inl tI Ir

-, Ill ts I if roc<,,i is e of fect und an s ta ll i I t v

l e aeni F a anc! Canal

iilY'~- ;' C FTICAI QI AF 0 lY

c, unIlc n;v Icodit iofs, is usual ly icr

r urfice it er. I-li chemical qual ity ofar'

o 11n, '' , the :Kalulle mineral const' tuen-

'1 1 ntaralor ii1IC.Iijunit in wflilch the wat Ic owlv

a .~Pen ml of t inc. Fhe concentrations of d issol ve

4 cn ,,t-t ~ts in ground" we't er g-enerally increase with greater dIepthi

is'~ r-icrJitac roi-n tie sour-ce of recharge (Bac'k, 1.9ml1

t i' i c 1 ace IN Ica.s of water samples from sel ected w,- Ii

S. ~i a c 'o ~Vey, S Iahoretorv . Surples of t a- a Lv

1'IK' .inI 1- Al :ill .I wre collected for analyst,. ,I

mJ V j -)--n phiae of well constrict o.Mae.

* v. ~ analsesllow a reasonably high bicarbonate (!

a a' . i abaraictcri stic of limestone waters inI the ui

-47-
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lil' to it> 251;T Wit :),I -i i , 1 1' im J. is i iv s i v

chas;ge in Iboth pMl, hicai-ienate , aind iro IN( oiit cut a!Jmusi

ri- I~ig wa fl 4 r TI ticO i 1 pI1I iF 10 Jp s ild ;w I

~~- Ias it'

I- 1 .i~l t'c ILS .r V~axell finislied in £1;~od x± '1'

0 r, s innual a ir cF-.pcra i-c-

'St -li I'tP xellIs reflect averano, U!*

iii>.~i::th tue ntC-:W sue o-fined for a reasonahle Icit 0

1C 'At 1rc6ursii C . f-rom wells finished in pl lLS

ai z !(-t" suns i rlie nixm~g of ground water and cocler r~

watcr ro-u lna o of the flood plain by the Santee River.

0- S

0 0
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the orehoes wer or oicat e the ;usr face gooyilt -i

p o ibo I es for tile jIar o e -we.l L network. A,; a recI t

i d 1-'..l '<IOr(Iid t;, I'lnitor water levol:; 1V(Fere, u

and afcrcn:ruc tion of the cana 1 and power 'house.

inree :,Iu ifers in the stu~l mdv a a ,were dol iliCoated: : ie

a shialloiw. (40 -60 feet) sand ,which supplies l imited] a;,ounts of wij*t ci

shallo ,cclls; aquifer 2, a confined limeIstoneC (90-120 feet)whh

is the most wieyused 3(juiCfr in the vicinity of the canal right

of -way ; anid iqui for 3, a sand andl gravel remnant of a hurlied strelim

channel fotuid in the flood plain.

An apjiifor tet.tas conduicted at the power-house site.A( ' qI fe 1

and 2 wevre piuipuc seo;aratoly. Thei t ransmi ss ivi ty of aqui fer 1 wa 1 7;:

square feet pcer day (6,500 i glions/day/ foot) and the storage coefficip >

was 1 x 10 l n th trarismissivity of aquifer 2 was 45S square feet

pe r day i ,0' Jlln:;,'Jay/f f)ot) and i ts s torage cooel i c Ieon was

I x 10

i -O~c rti an ion (A tHie power -house foimclat ion, heaxvyp pm

of an fara i ad 2 v.1 1 erur Drawdlns of 80 feet or moe wouldl

ne to 'he rn intainod with in the excavation.

I-,poar that excess -ire, (lrnwdownls would not occur a a rc-Ali

of pumnping aquifer 1. However, the assmed storage coefficient of .1

was used to derive "u" in the Tiheis equation. The drawdowns prokict 1

-so-

l* a 0 _ 0 4p _p 4p 0 0 W



'It the power hi- :e t

Maximum drawdomis (aqui fer 2) were comiput ed wi thouit 1he eL

or 1calkance eftfcct ind in im~iin ra rwswre comiite on 00 the

of "Ie Iaie'. KiIli kly tiec effectA of line ,;Clrce fcag

the drawdex1ns woUld lvlrcurl 2Ko Ile maxiimum. and :niiii u on 111 c r-S

Data Ailol'. th~ tiw(re iw.ould ht- v -ry li ttle drawdown in :ijiii fr .2 11

the "'IeA uge i utin Are, correct and a large amount of r.!a.

if no r cia wr;

P )t1ntio . tric conitours of aqui fers 1 and 2 show thait th-e hi:

OCmlerI Ic r nr IA iko Moultrie and gradually decl iic t o warI-

Ii t ee eix r I tn1 oni,,t r ic con t ours i n aqu if er I ,1 s Iv ol 1i('

t--pog -.I phy . "lI I n n Il ty in con tour maps For aqiui f rs I-, ii>! 2

prot ably he a ttr i ut ed to a common recharge and d isclirgc' Ar(rw f,,

aiqui fers .Water levels of all three aquifers appcar to m i iiB

flood plain and the stage in the river possibly affects water ]e(Ic

fluctiiat ions in all of them.

The potent jometrnc surface of aquifers 1 and 2 is aI owt

above mAl near Lake Moultrie and gradually decl ines tr, 10ni h

near the power-hous.. site. The maximumn water level of the propom>LJ

intake canal is 76.8 feet ab)ove ms1. Th'lerefore, the intake Q-:util

* recharge the aqui fers as a result of a head difference 1,et seen tli,

canal and the aquifers.



Ye .i:''~n .. er kcof' theic tailrace canal is 21 et:hv

0 ~~~~-11 t n ~ or oih ccur at mnax i muri stw a -1

~ev rlos hadin the tail race canal w.ouild caume a

ixr~ ein the rechari,'2 effect and an equalization of water levels

i~ii it, r and cana I.
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